Introduction: The HIV Strategy in New South Wales (NSW) Australia aims to virtually eliminate HIV transmission by 2020. We estimated the 2016 HIV diagnosis and care cascade for the state of NSW, with a focus on introducing population-based data to improve data quality and assess progress towards the UNAIDS 90-90-90 targets. Methods: To estimate the number of people living with diagnosed HIV (PLDHIV) we used NSW data from the Australian National HIV Registry, enhanced by surveillance among people recently diagnosed with HIV to improve migration estimates. The number of undiagnosed PLHIV was estimated using back-projection modelling by CD4 count at diagnosis. De-duplicated prescription claims data were obtained from the Australian Pharmaceutical Benefits Scheme (PBS), and were combined with an estimate for those ineligible, to determine the number of PLDHIV on antiretroviral therapy (ART). Data from a clinic network with 87% coverage of PLDHIV in NSW enabled the estimation of the number on ART who had HIV suppression. Results and discussion: We estimated that 10,110 PLHIV resided in NSW in 2016 (range 8400 to 11,720), among whom 9230 (91.3%) were diagnosed, and 8490 (92.0% of those diagnosed) were receiving ART. Among PLDHIV receiving ART, 8020 (94.5%) had suppressed viral load (<200 HIV-1 RNA copies/mL). Overall, 79.3% of all PLHIV had HIV virological suppression. Conclusion: NSW has met each of the UNAIDS 90-90-90 targets. The enhanced surveillance methods and data collection systems improved data quality. Measuring and meeting the 90-90-90 targets is feasible and could be achieved in comparable parts of the world.
| INTRODUCTION
In 2014, the Joint United Nations Programme on HIV and AIDS (UNAIDS) launched the 90-90-90 targets that by 2020, 90% of people living with HIV (PLHIV) will know their HIV status, 90% of these will receive antiretroviral therapy (ART), and 90% of these will have viral suppression. Overall, this would equate to 73% of all PLHIV being virally suppressed [1] .
Several methods have been developed to produce cascade estimates from study populations or by combining population level data [2, 3] . A recent systematic review of HIV continua of care (cascade) data reported that only 6 of 53 countries met designated "high quality" criteria, and only Sweden had met all three 90-90-90 targets [4] . Cascades were classified as high quality if they used all the following: [1] national estimates of PLHIV or estimates from nationally representative surveys and surveillance; [2] a cohort or national programme service database that included everyone diagnosed with HIV; [3] a national cohort or programme service database for those on ART; and [4] individual viral load data for everyone on ART or representative cohort/surveys [4] . An earlier systematic review also recommended the use of population-based data sets to ensure comparability of cascade estimates [5] . In 2017, UNAIDS reported that in 2016 Denmark and a small number of so-called "fast track cities" had also met all three of the 90-90-90 targets. In addition, Botswana, Cambodia, Denmark, Iceland, Singapore, Sweden and the United Kingdom had met the overall goal of 73% or more of people living with HIV having viral suppression [6] . Also in 2017, results from a cluster-randomized trial of a universal HIV testing and treatment intervention in East Africa showed that in communities where the intervention was implemented, the UNAIDS population-level viral suppression target was exceeded [3] . In Australia's most populous state, New South Wales (NSW), the HIV epidemic is concentrated among gay and bisexual men (GBM). Since 1981, 84% of HIV diagnoses have been among men whose reported risk was sex with other men, 3.6% in people who reported injecting drugs and 9.8% among people whose only risk was heterosexual sex [7] . In this report, we estimate the HIV cascade in 2016 in NSW and describe enhanced data collection methods.
| METHODS
We estimated the three cascade steps, with an estimated upper and lower bound for each, which we termed the plausible range. We provide a summary of the data sources and calculations with full details available from a technical appendix in the HIV, viral hepatitis and sexually transmissible infections in Australia Annual Surveillance Report, 2016 [8] and an online repository containing all the code used in the calculations [9] .
| First 90: the proportion of PLHIV who were diagnosed (PLDHIV)
Australia's HIV surveillance system involves mandatory reporting by doctors and laboratories of all HIV diagnoses, including CD4 count at diagnosis, to state and territory health departments who submit these data to a national HIV registry. Where duplicate cases are reported, cases are allocated to a jurisdiction based on postcode of residence at the earliest reported diagnosis [10] . HIV diagnoses among immigrants to Australia are added to the national HIV registry if they have lived in Australia for at least three months and intend to reside in the notifying State/Territory, including among people previously diagnosed overseas [10] . Data were provided on NSW cases reported to 31 December 2016. From the notified number of PLDHIV we subtracted duplicates, estimated deaths, and overseas and interstate migration.
All-cause death rates in PLHIV were based on a linkage study between national HIV and death registers until 2003, and on a large national cohort study of PLHIV since then [11, 12] . Two emigration adjustments were applied. First, 6-month follow up of all people notified with HIV in NSW [13] was used to estimate short-term emigration. Second, for longer term emigration, and for interstate movement, we used population data from the Australian Bureau of Statistics (ABS) [14] . We assumed that long term emigration rates and interstate movement for people living with HIV were the same as for the general population. The plausible range for PLDHIV was estimated by multiplying the appropriate lower and upper bounds for the number of deaths and emigrants. The range in deaths was estimated using the 95% confidence interval of the death rate. We assumed the actual emigration rate ranged between zero and double the estimated long-term emigration rate in the overall population.
We then applied the European Centre for Disease Prevention and Control (ECDC) HIV Modelling Tool to estimate the proportion of PLHIV who were undiagnosed, and added this to the estimated number of PLDHIV [15] . The ECDC tool is a multi-state back-calculation model using HIV notification data and estimates for the rate of CD4 decline to fit diagnoses rates over time, which produces an estimate and range of the undiagnosed population and the percentage undiagnosed. The range in PLHIV was obtained by applying the lower estimate for proportion undiagnosed to the lower limit for PLDHIV and conversely for the upper bound.
2.2 | The second 90: PLDHIV who were receiving
ART
We used programme delivery data provided by the Pharmaceutical Benefits Scheme (PBS) on ART prescription claims. The PBS provides a subsidy to cover the cost of ART for people eligible for Medicare in Australia. Only Australian citizens and permanent residents receive this cost subsidy. The PBS collects patient information from pharmacies and produces a de-duplicated dataset. We used data from NSW residents (based on last registered address) between 1 January and 31 December 2016. The PBS does not subsidize ART for temporary Australian residents, whereas NSW surveillance data includes overseas-born people diagnosed with HIV if they have lived in Australia for at least three months prior to diagnosis of HIV, and intend to reside in NSW for at least three months [10, 16] . For this reason, we added an estimate of the number of HIV-positive temporary residents in NSW taking ART, based on a survey of clinicians and related cohort study (ATRAS) which estimated there were 450 HIV-positive temporary residents in Australia in 2014 [17] . To estimate the number of HIV-positive temporary residents in NSW taking ART, we first estimated the number of temporary residents living with HIV in NSW by multiplying the national estimate (450) by the cumulative proportion of Australian HIV notifications first diagnosed in NSW (50.2%; giving 226 people). We then assumed 94% of the 180 temporary residents in ATRAS were on treatment (proportion at end of study) and only 63% of the remaining temporary residents were on treatment (matching the baseline proportion on ART from ATRAS). We then calculated the weighted proportion overall (equal to 76%). We then multiplied the estimated population by the proportion on ART. We calculated a range in the number of temporary residents on ART to reflect the uncertainty in the overall population size (400 to 500).
2.3 | The third 90: PLDHIV on ART who were virally suppressed (<200 copies/mL)
We defined virological suppression as less than 200 viral copies per mL. To estimate the proportion of PLDHIV on ART who were virally suppressed, we used programme service delivery data on last viral load test in 2016 from PLDHIV on ART attending a network of NSW clinics in the Australian Collaboration for Coordinated Enhanced Sentinel Surveillance (ACCESS) project [18] . De-identified patient information from each clinic was collated by ACCESS, and de-duplicated across clinics. Plausible ranges were estimated by calculating the 95% confidence interval for this proportion. During 2015 to 2016, the ACCESS network was enhanced to enable linkage of patients across clinics, and expanded to include additional GPs, hospitals and sexual health clinics. In 2016, across seven general practice clinics, two hospitals and 33 sexual health clinics, the ACCESS network captured 7998 PLDHIV, 86.7% of all PLDHIV in NSW [19] . We estimated the number of PLDHIV on ART with viral suppression by multiplying this proportion by the estimated number of people receiving ART with a range given by the 95% CI of this proportion. One clinic with over 1000 PLDHIV in care was not included in ACCESS but had a similar proportion of patients who were virally suppressed in 2016 as the overall proportion in ACCESS. All calculations were undertaken in R [20] . Reproducible code is available online [9] with cleaned input data and raw result files available on request.
| RESULTS
Overall, 79.3% (range 67.2 to 97.4%) of all PLHIV in NSW had suppressed virus ( Table 1 Overall, we estimated that by end 2016, 10,110 (range 8400 to 11,720) people were living with HIV in NSW, of whom 9230 (range 8470 to 10,490) or 91.3% were diagnosed. The percentage undiagnosed was 8.7% overall and was lower in men reporting male-to-male sex exposure risk (8.4%) than in others (11.5%). Overall, we estimated that 8490 (range 8470 to 8520) or 92.0% of PLDHIV were receiving ART.
3.3 | The third 90: PLDHIV on ART who were virally suppressed (<200 copies/mL) Among 7598 PLDHIV receiving ART in the ACCESS clinic network, representing 89.5% of PLDHIV on ART in NSW, 94.5% were virally suppressed.
Based on this we estimated 8020 (95%CI: 7870 to 8180) of PLDHIV had a suppressed viral load (<200 copies/mL).
| DISCUSSION
In 2016, the UNAIDS 90-90-90 targets were exceeded in NSW. Of all PLHIV, 91.3% were diagnosed, 92.0% of those were on ART, and 94.5% of those had suppressed viral load. The percentage of all PLHIV in NSW who had suppressed viral load, of 79.3%, is to the best of our knowledge the highest thus far reported for a jurisdiction in the peer-reviewed literature. Enhanced systems were developed to utilize population-level data on ART use, viral load and migration to improve the quality of the NSW cascade.
There have been substantial changes to HIV testing and treatment in NSW in recent years. HIV testing at publicly funded sexual health clinics increased 85% from 30,091 tests in 2014 to 55,761 tests in 2016 [7, 22] . The percentage of PLDHIV on ART in NSW has also increased rapidly over recent years. In HIV-positive GBM, self-reported use of ART increased from 66% in 2006 to 80.6% in 2011 and to 92% in 2016 [23] [24] [25] . In comparison, the percentage of PLDHIV on ART with suppressed viral load has increased less substantially over time. In 2006, in a large observational cohort of NSW PLDHIV it was already high, at 87% [26] .
There are a number of factors which may have contributed to the achievement of the 90-90-90 targets in NSW. In NSW, the virtual elimination of HIV by 2020 has been the explicit goal in two consecutive HIV strategies, commencing in 2012 [27, 28] . Since then, a range of new HIV prevention initiatives aimed at increasing HIV testing and treatment have been implemented. For HIV testing there has been widespread promotion; the introduction of rapid HIV testing at public, private and peer-led community clinics; and the introduction of streamlined testing services for high-risk populations. In terms The estimated number of people living with HIV who were on ART and had viral suppression (<200 HIV-1 RNA copies/mL).
of treatment, Australian clinical guidelines have changed to recommend treatment soon after HIV diagnosis, and there has been a sustained drive to implement these guidelines with aggressive treatment uptake targets in the NSW HIV Strategies [27, 28] . There has been education to providers regarding treatment guidelines, and promotion of the benefits of early treatment to PLHIV. Access to HIV treatment has been made easier through dispensing at community pharmacies and copayments associated with the receipt of ART have been removed in NSW [27] [28] [29] . In parallel there have been extensive efforts to enhance the quality of data systems. First, the initiation of enhanced surveillance at six months following diagnosis identified that the emigration rate among PLDHIV after diagnosis was higher than previously estimated and we believe this provides a more accurate population estimate of PLHIV [13] . These findings are consistent with results of a study in King County, Washington where follow-up efforts resulted in the identification of PLHIV who had emigrated, resulting in more accurate population estimates [30, 31] . Second, rather than relying on patient cohorts or surveys we established systems to provide de-duplicated programme service delivery data on PBS-subsidized ART prescription claims, allowing us to report population-level data on ART. We established a system that extracts de-identified programme service delivery data on viral load results and de-duplicates across 42 clinics in a network that was expanded to ensure over 85% coverage of PLDHIV in NSW [7] . NSW has been reporting quarterly on the number of people newly diagnosed with HIV who initiate treatment within three and six months of diagnosis [7] .
There are a few potential considerations in our data. First, directly collected information on emigration from NSW and Australia were only available for HIV diagnoses from 2013, and only for the first six months after diagnosis and we assumed that longer term migration rates for PLDHIV were the same as general population rates. Second, we assumed that the proportion of PLDHIV who are ineligible for subsidized ART had not changed since 2014, and that the NSW proportion was the same as the Australia-wide estimate [32] . Third, it is possible that viral load suppression rates may be different among a small proportion of PLHIV who are not attending the ACCESS clinics or the additional large clinic we contacted. However, due to the high proportion of PLDHIV included in the ACCESS network and the additional clinic, any lower rates of viral suppression among PLDHIV attending other clinics would have little influence on estimates.
| CONCLUSIONS
Based on our estimates, we believe that NSW has met each of the UNAIDS 90-90-90 targets and achieved an overall rate of 79.3% of PLHIV with virological suppression. This to the best of our knowledge is the highest rate reported in the peer-reviewed literature. The enhanced data collection systems introduced in NSW introduced population level data on ART use and viral load that now meet criteria for high-quality cascade data [4] and could be utilized in other settings. Efforts are continuing to surpass these goals with the current NSW HIV Strategy 2016 to 2020 setting a target to have 95% of all people diagnosed with HIV on ART [28]. The Burnet Institute, Melbourne, Australia
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